Background {#Sec1}
==========

ANC is an effective healthcare strategy to improve maternal and newborn health and survival during pregnancy and childbirth. In 2018, the WHO estimated that approximately 303,000 women die every year (equivalent to 830 maternal deaths each day) from preventable pregnancy- and/or childbirth-related causes worldwide \[[@CR1]\]. More than 99% (302,000 deaths) of these deaths occurred in low- and middle-income countries (LMICs) \[[@CR1], [@CR2]\]. In these countries, sub-Saharan African countries (including Tanzania) accounted for a larger number of those deaths (202,000 deaths per year) \[[@CR1], [@CR3]\].

In LMICs, common causes of maternal mortality are classified into direct and indirect \[[@CR2], [@CR4]\]. Direct causes include haemorrhages, hypertensive disorders, eclampsia, sepsis, abortion complications and obstructed labour \[[@CR5]\], while indirect causes include severe anaemia, human immunodeficiency virus/acquired immunodeficiency disease syndrome (HIV/AIDS) complications and severe malaria \[[@CR6]\]. Comprehensive ANC from skilled medical personnel is the main intervention to identify, manage and/or prevent these causes of maternal deaths \[[@CR7], [@CR8]\]. Based on the benefits of ANC service use, the WHO recommends that every pregnant woman should receive at least four ANC visits, which is a proxy indicator for comprehensive ANC \[[@CR9]--[@CR11]\]. However, between 2007 and 2014, reports indicated that only 64% of pregnant women received the four or more ANC visits globally, and less than half (45.8%) of pregnant women from LMICs received four or more ANC visits \[[@CR11], [@CR12]\]. These reports suggest that many pregnant women in LMICs do not take up routine ANC, with possible adverse implications for both mother and baby \[[@CR11]\].

Although Tanzania was one of the countries that achieved a key target of the Millennium Development Goals (MDG-4, to reduce child mortality) \[[@CR13], [@CR14]\], recent evidence from the country has indicated that 8200 maternal deaths occurred in 2015 \[[@CR7]\]. This suggests that MDG-5 (to improve maternal health) still needs significant attention in Tanzania. A recent report also indicated that an estimated 51% of Tanzanian women received the recommended four or more ANC visits in 2016, with wide variations across regional areas of the country \[[@CR15]\]. Additionally, a previous national study conducted in Tanzania indicated that higher maternal education was associated with four or more ANC visits. In contrast, long distances to health facilities, not residing in Eastern Tanzania, never being married and a desire to avoid pregnancy were associated with underutilization of ANC service \[[@CR16]\]. Although useful, this previous study has several limitations which include (i) non-inclusion of the most recent national data (2015--2016 Tanzania Demographic and Health Survey, TDHS), which potentially reflects the current socio-economic, demographic, health and political situation of the country \[[@CR17], [@CR18]\]; (ii) a lack of assessment of whether the recommended ANC visits (≥ 4) has improved or worsened over time that covers the MDGs era (2000--2015); and (iii) a lack of assessment of trends and determinants of incomplete ANC attendance (1--3 visits), which can provide valuable insights into where specific and measurable maternal health interventions can be provided to reach the recommended ANC attendance rates. Some sub-national studies have also been conducted in Tanzania on ANC service use, but their findings are unlikely to inform nationwide policy formulation and advocacy \[[@CR19]--[@CR22]\].

A detailed understanding of how ANC service use among Tanzanian women may have changed over time, especially during the MDG period, and identifying determinants associated with any change in ANC service use would be helpful to healthcare practitioners and policymakers. This context-specific information will help to inform efforts in the United Nation's Sustainable Development Goals \[[@CR23]\] era, with SDG--3.1 aiming to reduce the global maternal mortality ratio to less than 70 per 100,000 live births by 2030 \[[@CR24]\]. The study findings will also be useful to strategic policy interventions that aim to scale up and/or reassess current maternal health commitments to improve the uptake of ANC services in Tanzania. The present study aimed to investigate the trends and factors associated with ANC service use during the MDGs era in Tanzania between 1999 and 2016.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

The study used the TDHS data for 1999 (*n* = 2095), 2004--2005 (*n* = 5576), 2010 (*n* = 6903), and 2015--2016 (*n* = 5392). The TDHS collected information on maternal health (e.g. ANC, birth, and postnatal), child health, infant nutrition, and other health-related data from nationally representative populations in Tanzania \[[@CR15], [@CR25]--[@CR27]\]. The TDHS was implemented by the National Bureau of Statistics, Office of the Chief Government Statistician (OCGS) in Zanzibar and Inner City Fund (ICF) International, with funding from the Government of Tanzania, Global Affairs Canada and the United States Agency for International Development \[[@CR28]\].

The TDHS used a two-stage stratified cluster sampling technique to select the study participants. In stage one, enumeration areas (EAs) were selected proportional to each geographical zones of Tanzania. The EAs used were based on 1988 (1999 TDHS), 2002 (2004--2005 and 2010 TDHS) and 2012 (2015--2016 TDHS) Tanzania Population and Housing Censuses \[[@CR29], [@CR30]\]. In stage two, a systematic random sampling technique was used to select households after the complete household listing was conducted in each EAs. The present study included a total weighted sample of 20,062 women who were pregnant or had given live birth within 5 years before the survey, consistent with the TDHS reports \[[@CR15], [@CR25]--[@CR27]\] and past studies \[[@CR31]--[@CR33]\], to reduce the potential effect of recall bias. The response rates in the surveys ranged from 96% in 1999 to 98% in 2015--2016. Detailed methodological approaches used in the surveys are provided in the respective TDHS reports \[[@CR15], [@CR25]--[@CR27]\].

Outcome variables {#Sec4}
-----------------

The outcome variable was the frequency of ANC visits measured based on maternal recall to ANC service received from a doctor, nurse/midwife or any health personnel trained in maternal and child health assessment and management \[[@CR11]\]. Consistent with the WHO recommendation \[[@CR11]\] and previously published studies from LMICs \[[@CR32], [@CR34]\], frequency of ANC visits was categorised as 'No ANC visit', 'one to three ANC visits' and 'four or more ANC visits'. In the analyses, the no ANC visit group was the reference category of the outcome variables as used in previous studies from LMICs \[[@CR35]--[@CR39]\].

Study factors influencing the utilization of ANC {#Sec5}
------------------------------------------------

Study factors were selected based on past studies from LMICs \[[@CR14], [@CR33], [@CR34], [@CR40], [@CR41]\] and data availability in the TDHS. These factors were broadly classified into predisposing, enabling, need and community-level factors based on the conceptual model of health services utilization, proposed by Andersen to explain the conditions that favour or hinder an individual from seeking health care \[[@CR42]\]. Our adapted conceptual approach was also consistent with past studies which had demonstrated relationships between the study factors and frequency of ANC service use \[[@CR34], [@CR37], [@CR40], [@CR43]--[@CR45]\] (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1The conceptual model for ANC service use in Tanzania adapted from Anderson's health service utilization model

Community-level factors included the place of residence (categorised as rural or urban). Predisposing factors included socio-demographic factors and exposure to the media. Sociodemographic factors included maternal age (categorised as 15--24 years, 25--34 years or 35 and above years), mother's education (categorised as no schooling or primary school and higher), mother's employment (categorised as no employment, informal employment or formal employment) and household wealth index (categorised as poor, middle or rich). Informal employment included agricultural jobs, self-employed, skilled manual and unskilled manual works, while formal employment included professional work, technical, management, sales and clerical jobs. Household wealth index was computed by the National Bureau of Statistics and ICF using principal component analysis (PCA) which considered the ownership of household assets such as toilets, electricity, television, radio, fridge and bicycle, as well as availability of source of drinking water and floor material of the main house \[[@CR46]\]. The TDHS categorized the household wealth index into lowest, second, middle, fourth and highest. For this study, the household wealth index was re-classified as 'poor', 'middle' or 'rich', consistent with previously published studies \[[@CR47]--[@CR49]\]. In those studies, the bottom 40% of the households were referred to as the poor households, the next 40% as the middle-level households and the top 20% as the rich households. In this study, maternal education and household wealth index were re-categorised for consistency and comparison with similar published studies conducted in LMICs \[[@CR31], [@CR32], [@CR34]\], and to increase the statistical power within each sub-category of the variables.

Enabling factors included distance to the health facility (categorised as a big problem or not a big problem based on TDHS classification) and mother's autonomy (categorised as involved in household decisions or not involved in household decisions). Need factors included ever contraceptive use (categorised as yes or no) and desire for pregnancy, categorized as desired the pregnancy or no desire for pregnancy. All study factors were categorised based on evidence from past studies from LMICs \[[@CR16], [@CR32]--[@CR34], [@CR36], [@CR40], [@CR41], [@CR50]--[@CR55]\].

Statistical analysis {#Sec6}
--------------------

The study analytical strategy was similar to previously published studies \[[@CR16], [@CR32]\]. First, initial analyses involved the estimation of frequencies and percentages for each study factor in describing the characteristics of study participants. Second, the prevalence of 'one to three' and 'four or more' ANC visits was calculated for predisposing, enabling, need and community-level factors for each survey year to examine the extent to which the prevalence decreased or increased over the study period (1999--2016). Third, we estimated *P* for the trend in models of the combined data to determine changes in the outcomes (i.e. 1--3 ANC visits and four or more ANC visits) within each study factor over the study period. Fourth, univariate logistic regression analyses were conducted to investigate the study factors associated with the study outcomes. Fifth, a four-stage multivariate multinomial logistic regression models were then used to examine the association between the predisposing, enabling, need and community-level factors with the outcome variables. The multivariate modelling was based on the adapted Anderson model \[[@CR42]\] and employed in previous research \[[@CR16], [@CR32], [@CR34], [@CR37], [@CR52], [@CR56]--[@CR59]\].

Specifically, community-level factors were entered into the stage 1 model to assess their relationship with the outcome variables, with adjustment for predisposing, enabling and need factors. A similar strategy was used in models of predisposing (sociodemographic and maternal media exposure) factors to examine their relationship with the outcome variables, with additional adjustment for enabling, need and community-level factors (stage 2). The same modelling approach was used for the enabling and need factors in the third and fourth stages (stage 3 and 4), respectively. Multivariate models were conducted separately for the 2015--2016 TDHS and the combined dataset to assess any variations in the factors associated with ANC service utilisation in Tanzania. This was done because the most recent nationally representative data potentially reflect the current sociodemographic, economic and health service system context of Tanzania \[[@CR17], [@CR18]\].

Furthermore, the TDHS data from 1999 to 2016 were combined in the study for the following reasons: (i) to investigate trends and factors associated with the utilisation of ANC during the MDG era to provide relevant ANC service use data to policymakers and health practitioners during the implementation of the SDG--3.1 agenda, (ii) to provide a unique opportunity for comparison of ANC service use over time and (iii) to improve the statistical power of the study. In models of the combined dataset, an additional adjustment was done for the year of the survey and population weight.

Odds ratios with 95% confidence intervals (CIs) were estimated as the measure of association between the study factors and outcome variables. All statistical analyses were conducted in Stata version 14.0 (Stata Corp, College Station, TX, USA), with 'svy' command used to adjust for sampling weights, clustering and stratification; 'lincom' command for estimating percentage points changes; and 'mlogit' function was used for the multinomial models.

Results {#Sec7}
=======

Characteristics of the study participants {#Sec8}
-----------------------------------------

Over the study period (1999--2016), approximately four out of five (77.9%) of the participants resided in rural areas, and more than one third (75.5%) of women attained at least primary level of education. Nearly half of the women resided in poor households (46.7%), and more than two third (69%) of women listened to the radio. Sixty-two percent of women reported that distance from the health facility was not a big problem, and 56% of the participants were involved in household decision-making (Table [1](#Tab1){ref-type="table"}). Table 1Characteristics of the study participantsVariables1999 (***N*** = 3282)2004--2005 (***N*** = 8725)2010 (***N*** = 8176)2015--2016 (***N*** = 10,052)1999--2016 (***N*** = 30,235)\****n*** (%)\****n*** (%)\****n*** (%)\****n*** (%)\****n*** (%)**Community-level factors** Place of residence  Urban614 (18.7)1691 (19.4)1660 (20.3)2727 (27.1)6692 (22.1)  Rural2668 (81.3)7034 (80.6)6516 (79.7)7325 (72.9)23,543 (77.9)**Predisposing factorsSocio-demographic factors**  Maternal age   15--24 years1123 (34.2)2819 (32.3)2488 (30.4)3134 (31.2)9564 (31.6)   25--34 years1501 (45.7)4231 (48.5)3680 (45.0)4426 (44.0)13,838 (45.8)   35--49 years659 (20.1)1674 (19.2)2008 (24.6)2492 (24.8)6833 (22.6)  Maternal education   No schooling907 (27.6)2318 (26.6)2090 (25.6)2103 (20.9)7419 (24.5)   Primary school or higher2375 (72.4)6407 (73.4)6085 (74.4)7948 (79.1)22,814 (75.5)  Household wealth status   Poor1651 (53.4)3680 (44.3)3917 (50.1)2337 (42.0)11,585 (46.7)   Middle1097 (35.5)3328 (40.1)2736 (35.0)2090 (37.5)9252 (37.3)   Rich341 (11.0)1295 (15.6)1171 (15.0)1143 (20.5)3950 (16.0)  Maternal employment   No employment591 (49.2)825 (44.2)873 (36.1)1602 (39.0)3890 (40.5)   Formal employment101 (8.4)254 (13.6)300 (12.4)641 (15.5)1297 (13.5)   Informal employment510 (42.2)788 (42.2)1246 (51.5)1885 (45.7)4428 (46.0)**Exposure to media**  Listening to radio   No1452 (44.3)2485 (28.5)2754 (33.7)2576 (25.6)9267 (30.7)   Yes1827 (55.7)6231 (71.5)5419 (66.3)7476 (74.4)20,953 (69.3)  Reading newspapers/magazines   No1205 (58.8)5970 (68.5)5741 (70.3)6415 (63.8)19,331 (66.7)   Yes844 (41.2)2752 (31.5)2422 (29.7)3635 (36.2)9652 (33.3)  Watching television   No2786 (85.0)7003 (80.4)6133 (75.0)5834 (58.0)21,756 (72.0)   Yes496 (15.0)1713 (19.6)2043 (25.0)4218 (42.0)8470 (28.0)**Enabling factors** Distance to health facilities\*\*  Big problem3603 (41.3)1883 (23.1)4715 (47.0)10,201 (38.0)  Not a big problem5115 (58.7)6266 (76.9)5337 (53.0)16,718 (62.0) Mother's autonomy in household\*\*  Involved in decisions4219 (48.4)4479 (54.8)6407 (63.7)15,105 (56.0)  Not involved in decisions4506 (51.6)3697 (45.2)3645 (36.3)11,848 (44.0)**Need factors** Ever contraceptive use  No2324 (70.8)6374 (73.1)5391 (66.0)6214 (61.8)20,303 (67.2)  Yes958 (29.2)2350 (26.9)2785 (34.0)3838 (38.2)9931 (32.8) Desire to the current pregnancy  Desired the pregnancy2918 (89.0)8278 (95.0)7831 (96.4)9633 (95.8)28,660 (95.0)  Not desired the pregnancy361 (11.0)438 (5.0)295 (3.6)419 (4.2)1513 (5.0)*\*n* (%) weighted count and proportion for each outcome variable by study factors\*\*Variables not reported in the 1999 Tanzania Demographic and Health Survey (TDHS)

Between 1999 and 2016, women who resided in urban households increased from 18.7 to 27.1%, and women who attended primary school or higher increased from 72.4 to 79.1%. Women who resided in rich households increased from 11.0% in 1999 to 20.5% in 2016, while women who had no employment decreased from 49.2% in 1999 to 39.0% in 2016 (Table [1](#Tab1){ref-type="table"}).

Prevalence of one to three and four or more ANC service use by study factors {#Sec9}
----------------------------------------------------------------------------

In the combined data, the highest proportion of women who made between one and three ANC visits was observed among those who had no schooling (49.6%), followed by those who resided in poor households (48.7%). The lowest proportion of 1--3 ANC service attendance was among women who resided in rich households (29.5%) (Table [2](#Tab2){ref-type="table"}). In the same data, the highest prevalence of four and more ANC service use was in women who were formally employed and those from the rich households (69.0% for each variable), followed by those who resided in urban areas (66.0%). The lowest prevalence of four or more ANC visits was among women who had no schooling (45.8%) (Table [3](#Tab3){ref-type="table"}). Table 2Prevalence of one to three antenatal care visits by the study factors in Tanzania, 1999--2016Variables1999 (***N*** = 568)2004--2005 (***N*** = 2028)2010 (***N*** = 3314)2015--2016 (***N*** = 3028)1999--2016 (***N*** = 8,938)% change (95% CI), 1999--2016\****n*** (%)\****n*** (%)\****n*** (%)\****n*** (%)\****n*** (%)**Community-level factors** Place of residence  Urban68 (13.6)328 (25.8)556 (44.0)724 (34.4)1677 (32.6)20.7 (14.6, 26.9)  Rural499 (30.3)1700 (38.0)2473 (58.5)2589 (52.5)7262 (47.5)22.1 (17.4, 26.9)**Predisposing factorsSocio-demographic factors**  Maternal age   15--24 years215 (27.5)701 (36.3)972 (56.8)1092 (47.5)2981 (44.3)20.0 (14.6, 25.5)   25--34 years223 (24.0)915 (34.8)1266 (53.2)1380 (46.4)3785 (42.4)22.4 (16.8, 28.0)   35--49 years129 (29.8)412 (34.8)791 (56.5)841 (47.5)2173 (45.4)17.7 (10.9, 24.5)  Maternal education   No schooling182 (33.0)584 (40.1)797 (61.2)744 (55.5)2307 (49.6)22.4 (14.5, 30.3)   Primary school or higher385 (24.2)1445 (33.7)2231 (53.3)2569 (45.1)6631 (42.0)20.9 (16.7, 25.1)  Household wealth status   Poor320 (39.0)907 (38.8)1465 (60.6)1654 (65.2)3551 (48.7)26.2 (20.4, 32.0)   Middle179 (25.0)780 (36.8)1063 (56.2)692 41.5)2659 (42.4)16.5 (9.9, 23.2)   Rich31 (11.6)242 (24.5)393 (42.3)968 (27.3)917 (29.5)15.7 (9.5, 21.9)  Maternal employment   No employment90 (22.7)164 (27.4)317 (49.0)456 (40.5)1026 (37.1)17.9 (7.2, 28.5)   Formal employment15 (20.5)40 (20.0)76 (30.7)169 (35.0)299 (29.8)14.5 (3.4, 25.6)   Informal employment66 (18.4)167 (28.1)418 (45.4)579 (39.2)1230 (36.7)20.8 (13.9, 27.7)**Exposure to media**  Listening to radio   No271 (30.4)604 (39.3)1021 (58.7)887 (52.7)2782 (47.6)22.2 (16.6, 27.9)   Yes296 (23.6)1420 (33.8)2005 (53.5)2427 (45.3)6148 (42.2)21.7 (16.5, 26.8)  Reading newspapers/magazines   No206 (27.6)1469 (39.0)2157 (57.7)2207 (51.0)6039 (48.0)23.3 (18.1, 28.6)   Yes100 (15.7)556 (28.2)871 (50.0)1106 (40.8)2634 (37.3)25.1 (20.1, 30.1)  Watching television   No513 (29.0)1688 (38.0)2351 (59.3)2040 (52.5)6591 (46.8)23.5 (18.9, 28.1)   Yes55 (14.6)339 (26.3)678 (44.5)1274 (40.4)2345 (37.0)25.8 (19.8, 31.8)**Enabling factors** Distance to health facilities\*\*  Big problem901 (39.1)694 (57.7)1631 (50.7)3227 (48.0)  Not a big problem1126 (32.7)2325 (54.5)1682 (44.0)5134 (44.5) Mother's autonomy in household\*\*  Involved in decisions971 (34.2)1643 (52.2)2047 (44.2)4662 (43.9)  Not involved in decisions1057 (36.4)1385 (59.0)1266 (52.4)3708 (48.4)**Need factors** Contraceptive use  No427 (28.6)1587 (38.8)2020 (58.5)2121 (51.1)6154 (46.7)22.4 (17.8, 27.1)  Yes141 (21.5)441 (26.6)1009 (49.5)1193 (41.3)2784 (38.4)19.8 (13.9, 25.7) Desire to the current pregnancy  Desired the pregnancy484 (25.8)1901 (35.2)2884 (55.3)3133 (47.0)8402 (43.8)21.1 (16.8, 25.4)  Not desired the pregnancy83 (31.1)128 (37.0)142 (52.7)180 (49.6)533 (42.8)18.5 (8.4, 28.5)\**n* (%) weighted counts and the weighted total number vary between categories because of missing values\*\*Variables not reported in the 1999 Tanzania Demographic and Health Survey (TDHS)Table 3Prevalence of four or more antenatal care visits by the study factors in Tanzania, 1999--2016Variables1999 (***N*** = 1527)2004--2005 (***N*** = 3547)2010 (***N*** = 2364)2015--2016 (***N*** = 3588)1999--2016 (***N*** = 11,026)% change (95% CI), 1999--2016\****n*** (%)\****n*** (%)\****n*** (%)\****n*** (%)\****n*** (%)**Community-level factors** Place of residence  Urban430 (85.9)911 (71.6)699 (55.2)1351 (64.1)3391 (66.0)− 21.8 (− 28.3, − 15.3)  Rural1097 (66.6)2636 (59.0)1665 (39.4)2237 (45.3)7635 (50.0)− 21.3 (− 27.1, − 15.4)**Predisposing factorsSocio-demographic factors**  Maternal age   15--24 years551 (70.5)1180 (61.0)713 (41.6)1167 (50.8)3611 (53.7)− 19.7 (− 25.8, − 13.7)   25--34 years689 (74.0)1638 (62.2)1065 (44.8)1537 (51.7)4929 (55.3)− 22.3 (− 28.7, − 15.8)   35--49 years287 (66.1)730 (61.7)585 (41.8)884 (50.0)2487 (51.9)− 16.1 (23.8, − 8.4)  Maternal education   No schooling330 (59.8)793 (54.5)458 (35.1)552 (41.1)2133 (45.8)− 18.7 (− 30.2, − 7.2)   Primary school or higher1197 (75.0)2755 (64.2)1906 (45.5)3037 (53.3)8894 (56.4)− 21.7 (− 26.1, − 17.4)  Household wealth status   Poor667 (65.0)1346 (57.5)893 (37.0)591 (39.4)3497 (48.0)− 25.5 (− 32.9, − 18.1)   Middle529 (73.6)1282 (60.5)798 (42.2)889 (57.6)3498 (55.8)− 15.9 (− 22.9, − 8.9)   Rich238 (88.4)728 (73.6)529 (57.0)646 (70.3)2141 (69.0)− 18.1 (− 24.3, − 11.8)  Maternal employment   No employment291 (73.4)394 (66.0)309 (47.7)642 (57.1)1636 (59.1)− 16.3 (− 32.8, − 0.1)   Formal employment59 (79.5)157 (78.1)170 (69.0)307 (63.6)692 (69.0)− 15.9 (− 26.9, − 4.8)   Informal employment292 (81.6)405 (68.1)496 (53.8)870 (58.8)2062 (61.5)− 22.7 (− 29.6, − 15.8)**Exposure to media**  Listening to radio   No582 (65.2)864 (56.2)668 (38.4)735 (43.6)2848 (48.7)− 21.6 (− 29.3, − 13.9)   Yes943 (75.2)2683 (63.8)1696 (45.2)2854 (53.2)8176 (56.1)− 22.0 (− 27.4, − 16.6)  Reading newspapers/magazines   No534 (71.5)2171 (57.5)1498 (40.1)2011 (46.4)6214 (49.3)− 25.0 (− 30.6, − 19.5)   Yes535 (84.0)1377 (70.0)857 (49.1)1578 (58.2)4347 (61.5)− 25.8 (− 30.8, − 20.8)  Watching Television   No1207 (68.2)2618 (58.8)1537 (38.8)1745 (45.0)7108 (50.5)− 23.2 (− 28.8, − 17.7)   Yes320 (85.0)924 (71.7)826 (54.2)1844 (58.4)3914 (61.7)− 26.6 (− 32.7, − 20.5)**Enabling factors** Distance to health facilities\*\*  Big problem1319 (57.3)459 (38.2)1509 (47.0)3288 (48.9)  Not a big problem2225 (64.6)1895 (44.4)2079 (54.4)6200 (53.7) Mother's autonomy in household\*\*  Involved in decisions1806 (63.5)1453 (46.2)2490 (53.8)5749 (54.1)  Not involved in decisions1741 (60.0)911 (38.8)1098 (45.5)3750 (48.9)**Need factors** Ever contraceptive use  No1018 (68.3)2375 (58.0)1362 (39.5)1931 (46.5)6686 (50.7)− 21.8 (− 27.6, − 16.0)  Yes509 (77.4)1172 (70.8)1002 (49.1)1658 (57.3)4340 (60.0)− 20.1 (− 26.2, − 13.9) Desire to the current pregnancy  Desired the pregnancy1352 (72.0)3349 (62.0)2240 (43.0)3421 (51.2)10362 (54.0)− 20.7 (− 25.9, − 15.5)  Not desired the pregnancy175 (65.3)198 (57.4)122 (45.2)167 (46.0)663 (53.1)− 19.3 (− 29.5, − 9.1)\**n* (%) weighted counts and the weighted total number vary between categories because of missing values*\*\**Variables not reported in the 1999 Tanzania Demographic and Health Survey (TDHS)

Trends in ANC service use in Tanzania from 1999 to 2016 {#Sec10}
-------------------------------------------------------

Between 1999 and 2016, the proportion of women who made one to three ANC visits increased from 26.4% (95% confidence interval \[CI\] 24.5%, 36.7%) in 1999 to 47.0% (95% CI 45.2%, 48.9%) in 2016 (*P* value \< 0.001). In contrast, the proportion of women who made four or more ANC visits decreased from 71.1% (95% CI 65.2%, 82.9%) in 1999 to 51.0% (95% CI 49.1%, 52.8%) in 2016 (*P* value \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}). Between 1999 to 2016, the highest percentage point change in the proportion of one to three ANC visits was found in poor-level households (% change = 26.2; 95% CI 20.4, 32.0) (Table [2](#Tab2){ref-type="table"}). In the same period, the highest decrease in the proportion of four or more ANC visits was observed among mothers who watched television (% change = − 26.6; 95% CI − 32.7, − 20.5) (Table [3](#Tab3){ref-type="table"}). Fig. 2Trends in antenatal care service use in Tanzania, 1999 to 2016. Error bars indicate 95% confidence interval

Factors associated with one to three ANC service visits {#Sec11}
-------------------------------------------------------

The odds of attending between one and three ANC visits were significantly higher among women who attained at least primary level of education compared to those who had no schooling (odds ratio (OR) 1.89; 95% CI 1.17, 3.07). Informally employed women were more likely to attend between one and three ANC visits compared to those who were not in employment (OR 1.77; 95% CI 1.13, 2.77). The likelihood of making one to three ANC visits was significantly higher in women who belonged to middle or rich households compared to those who resided in poor households (OR 2.50; 95% CI 1.54, 4.07, for middle households and OR 1.97; 95% CI 1.06, 3.68, for rich households). Women who were not involved in household decision-making were less likely to make between one and three ANC visits compared to their counterparts (OR 0.58; 95% CI 0.35, 0.95) (Table [4](#Tab4){ref-type="table"}). Table 4Factors associated with 1--3 antenatal care visits in Tanzania, 1999--2016Variables19992004--200520102015--20161999--2016***P*** for trendOR (95% CI)^**\$**^OR (95 % CI)^**\$**^OR (95 % CI)^**\$**^OR (95 % CI)^**\$**^OR (95 % CI)^**\$**^**Community-level factors**  Place of residence   Urban1.001.001.001.001.000.019   Rural0.95 (0.11--8.46)0.68 (0.30--1.53)0.46 (0.14--1.49)1.16 (0.47--2.85)0.79 (0.48--1.33)0.000**Predisposing factorsSocio-demographic factors**  Maternal age   15--24 years1.001.001.001.001.000.003   25--34 years1.20 (0.19--7.57)0.52 (0.25--1.07)0.69 (0.25--1.93)0.80 (0.35--1.83)0.69 (0.43--1.11)0.001   35--49 years2.93 (0.24--35.67)0.82 (0.32--2.07)0.95 (0.28--3.15)1.20 (0.41--3.51)1.14 (0.63--2.06)0.004  Maternal education   No schooling1.001.001.001.001.000.000   Primary school and above6.38 (0.98--41.68)2.75 (1.31--5.77)2.33 (0.81--6.70)0.59 (0.22--1.58)1.89 (1.17--3.07)0.000  Household wealth status   Poor1.001.001.001.001.000.000   Middle2.22 (0.27--18.18)2.74 (1.31--5.73)0.82 (0.29--2.27)4.40 (1.60--12.16)2.50 (1.54--4.07)0.013   Rich2.10 (0.11--38.51)4.03 (1.60--10.11)1.32 (0.31--5.72)1.23 (0.35--4.31)1.97 (1.06--3.68)0.058  Maternal employment   No employment1.001.001.001.001.000.000   Formal employment1.75 (0.37--8.21)2.27 (0.27--18.98)1.32 (0.39--4.49)1.69 (0.73--3.93)0.480   Informal employment1.75 (0.27--11.21)1.48 (0.73--3.01)2.15 (0.78--5.96)1.34 (0.61--2.95)1.77 (1.13--2.77)0.001**Exposure to media**  Listening to radio   No1.001.001.001.001.000.002   Yes2.01(0.22--18.46)1.17 (0.56--2.44)2.61 (0.96--7.10)2.13 (0.95--4.80)1.45 (0.92--2.29)0.000  Reading newspapers/magazines   No1.001.001.001.001.000.000   Yes0.75 (0.34--1.66)0.77 (0.25--2.38)1.13 (0.49--2.65)0.84 (0.50--1.39)0.010  Watching television   No1.001.07 (0.43--2.67)1.001.001.000.000   Yes0.14 (0.02--1.12)0.35 (0.10--1.19)1.48 (0.55--4.03)1.08 (0.63--1.85)0.096**Enabling factors** Distance to the health facilities\*\*  Big problem1.001.001.001.000.014  Not a big problem1.54 (0.62--3.79)1.42 (0.28--7.37)1.02 (0.49--2.11)0.92 (0.59--1.45)0.000 Mother's autonomy \*\*  Involved in household decisions1.001.001.001.000.306  Not involved in household decisions0.27 (0.24--0.31)1.19 (0.49--2.94)1.29 (0.58--2.86)0.58 (0.35--0.95)0.000**Need factors** Ever contraceptive use  No1.001.001.001.001.000.000  Yes0.59 (0.28--1.24)0.86 (0.32--2.34)0.62 (0.29--1.34)0.77 (0.49--1.21)0.006 Desire to the current pregnancy  Desired1.001.001.001.001.000.000  Not desired0.69 (0.25--1.90)0.44 (0.09--2.13)0.70 (0.15--3.29)0.52 (0.25--1.06)0.306^\$^Adjusted for community, socio-demographics, health, enabling and need factors as described in the "Methods" section\*\*Variables not reported in the 1999 Tanzania Demographic and Health Survey (TDHS)

Factors associated with four or more ANC service visits {#Sec12}
-------------------------------------------------------

The odds of making four or more ANC visits were significantly higher in mothers who attained at least primary level of education compared to those with no schooling (OR 2.25; 95% CI 1.39, 3.65). The likelihood of making four or more ANC visits was significantly higher among mothers who were from middle and rich households compared to mothers who were from poor households (OR 2.73; 95% CI 1.67, 4.44, for middle households and OR 3.14; 95% CI 1.69, 5.53, for rich households). Informally employed women had higher odds of attending four or more ANC visits compared to those who had no employment (OR 1.84; 95% CI 1.18, 2.87). Women who listened to the radio were more likely to receive four or more ANC visits compared to those who did not listen to the radio (OR 1.68; 95% CI 1.06, 2.65). Women who had no desire to be pregnant were less likely to make four or more ANC visits compared to the mothers who desired to be pregnant (OR 0.38; 95% CI 0.19, 0.79) (Table [5](#Tab5){ref-type="table"}). Table 5Factors associated with four or more antenatal care (ANC) visits in Tanzania, 1999--2016Variables1999200520102015--20161999--2016***P*** for trendOR (95% CI)^**\$**^OR (95% CI)^**\$**^OR (95% CI)^**\$**^OR (95% CI)^**\$**^OR (95% CI)^**\$**^**Community-level factors** Place of residence  Urban1.001.001.001.001.000.313  Rural0.61 (0.69--5.29)0.70 (0.31--1.56)0.57 (0.17--1.84)0.93 (0.38--2.27)0.77 (0.47--1.29)0.010**Predisposing factorsSocio-demographic factors**  Maternal age   15--24 years1.001.001.001.001.000.064   25--34 years1.47 (0.24--9.10)0.52 (0.25--1.07)0.73 (0.26--2.04)0.87 (0.38--1.99)0.73 (0.45--1.16)0.100   35--49 years2.97 (0.25--35.55)0.89 (0.36--2.23)0.86 (0.26--2.85)1.15 (0.39--3.36)1.05 (0.58--1.89)0.085  Maternal education   No schooling1.001.001.001.001.000.019   Primary school and above9.48 (1.49--60.45)3.20 (1.55--6.61)2.83 (0.98--8.19)0.78 (0.29--2.10)2.25 (1.39--3.65)0.079  Household wealth status   Poor1.001.001.001.001.000.001   Middle1.72 (0.21--13.73)2.93 (1.42--6.04)0.79 (0.28--2.21)5.84 (2.11--16.13)2.73 (1.67--4.44)0.232   Rich2.76 (0.16--48.72)6.52 (2.65--16.07)1.84 (0.43--7.94)2.19 (0.63--7.65)3.14 (1.69--5.83)0.628  Maternal employment   No employment1.001.001.001.001.000.107   Formal employment1.67 (0.54--3.87)2.58 (0.56--11.82)3.51 (0.42--29.18)1.38 (0.41--4.66)2.07 (0.90--4.76)0.911   Informal employment2.01 (0.98--4.59)1.67 (0.83--3.35)2.61 (0.94--7.23)1.36 (0.62--2.97)1.84 (1.18--2.87)0.039**Exposure to media**  Listening to radio   No1.001.001.001.001.000.101   Yes3.17 (0.35--28.40)1.13 (0.55--2.34)2.73 (0.99--7.45)2.44 (1.09--5.49)1.68 (1.06--2.65)0.015  Reading newspapers/magazines   No1.001.001.001.001.000.010   Yes0.75 (0.54--1.76)0.79 (0.36--1.73)0.84 (0.27--2.58)1.28 (0.55--2.98)0.97 (0.58--1.61)0.254  Watching television   No1.001.001.001.001.000.002   Yes0.17 (0.02--1.32)1.57 (0.64--3.84)0.47 (0.14--1.62)1.68 (0.62--4.57)1.34 (0.78--2.29)0.737**Enabling factors** Distance to the health facilities\*\*  Big problem1.001.001.001.000.214  Not a big problem1.17 (0.49--2.80)1.51 (0.29--7.94)1.08 (0.52--2.25)0.96 (0.61--1.51)0.008 Mother's autonomy \*\*  Involved in household decisions1.001.001.001.000.989  Not involved in household decisions0.32 (0.29--1.46)1.39 (0.57--3.44)1.13 (0.51--2.50)0.75 (0.46--1.24)0.003**Need factors** Ever contraceptive use  No1.001.001.001.001.000.021  Yes0.54 (0.42--2.14)0.84 (0.40--1.75)1.16 (0.43--3.14)0.81 (0.38--1.76)0.99 (0.63--1.55)0.163 Desire to the current pregnancy  Desired1.001.001.001.001.000.006  Not desired0.64 (0.51--0.86)0.45 (0.17--1.22)0.35 (0.73--1.72)0.40 (0.08--1.90)0.38 (0.19--0.79)0.658^\$^Adjusted for community, socio-demographics, health, enabling and need factors as described in the methods section\*\*Variables not reported in the 1999 Tanzania Demographic and Health Survey (TDHS)

Discussion {#Sec13}
==========

Our study indicates that the proportion of Tanzanian women who made one to three ANC visit increased from 26% in 1999 to 47% in 2016. However, the percentage of women who made four or more ANC visits decreased from 71% in 1999 to 51% in 2016. Women who attained at least primary education, those who resided in wealthier households and were informally employed had higher likelihood of attending one to three ANC visits. Women not involved in household decision-making were associated with a lower odds of attending between one and three ANC visits. Higher maternal education and household wealth, maternal informal employment status and listening to the radio were associated with four or more ANC service visits. Women who did not have a desire for pregnancy were associated with a lower likelihood of attending four or more ANC visits.

Evidence has shown that improved educational status has a vital impact on maternal health service utilization \[[@CR32], [@CR34], [@CR44], [@CR60], [@CR61]\]. In Tanzania, reports have indicated that maternal literacy rate has increased over time from 67% in 2004 to 77% in 2016 \[[@CR15], [@CR25]--[@CR27]\], and the improvements in maternal education was also demonstrated in our analyses. The present study showed that women who attained at least primary education were more likely to attend between one and three ANC visits, and this association was even stronger for those who made four or more ANC visits. This finding is similar to studies conducted in Ethiopia \[[@CR34]\], Ghana \[[@CR62], [@CR63]\], Timor-Leste \[[@CR64]\] and Kenya \[[@CR65]\], which found that higher maternal education was associated with increased uptake of ANC services. Probable reasons for why educated women have increased ANC use might be that educated women have the potential to engage more with health promotion messages or they may have better insights into the benefits of attending ANC \[[@CR62]\]. Educated women are also likely to have the financial resources to pay for direct and indirect costs related to ANC services in a country like Tanzania, where health services are largely provided through out-of-pocket costs \[[@CR66]\]. Another possible explanation for this finding is that higher maternal education may increase a woman's autonomy and household decision-making power. These factors can, in turn, increase the opportunities for women to access quality health care services, including ANC \[[@CR67]\]. Our finding provides support for universal primary education in Tanzania to be implemented in line with SDG-4 that aims to improve quality education for all girls and boys by 2030 \[[@CR68]\].

The present study indicated that women who resided in wealthier households had an increased likelihood of attending between one and three ANC visits in Tanzania. This association was stronger among women who made four or more ANC visits. Our finding was consistent with studies from many LMICs, which showed that higher household wealth status was related to ANC service utilization \[[@CR52], [@CR69]--[@CR73]\]. Women from wealthier households may have better access to material resources (such as money, cars, or motorcycles) that can facilitate access to ANC services \[[@CR74]\]. Additionally, it has been suggested that women who reside in wealthier households may have better access to standard health care facilities (such as hospitals or clinics), and this may have played a role in Tanzania \[[@CR74]\]. This is important because of the increase in the proportion of women who resided in rich households between 1999 and 2016.

Past studies conducted in LMICs Nigeria \[[@CR54]\], Vietnam \[[@CR75]\], Bangladesh \[[@CR76]\], India \[[@CR77], [@CR78]\] and Cambodia \[[@CR79]\] have suggested that maternal employment was associated with ANC service utilization. The current study showed similar associations between maternal employment with one to three and four or more ANC visits in Tanzania. Possible reasons for these associations may be similar to the facilitating factors of women with higher educational attainment and those from wealthier households, where access to essential material resources can facilitate ANC service use of mothers \[[@CR71]\]. Addressing socio-economic inequalities and increasing job opportunities for women remain key priority areas to improve the uptake of ANC in Tanzania.

Our study indicated that mothers who were not involved in household decision-making were less likely to attend between one and three ANC visits in Tanzania. The findings were supported by studies conducted in 31 sub-Saharan African countries which indicated that women who were not involved in household decision-making were less likely to fully utilize ANC services \[[@CR59]\]. Also, studies conducted in Nepal \[[@CR80], [@CR81]\], Bangladesh \[[@CR82]\], Senegal \[[@CR59]\] and India \[[@CR83]\] showed that mothers who did not involve in household decision-making were associated with a reduced likelihood of appropriate ANC service use. Possible reasons for the association between women who did not involve in household decision-making and reduced ANC visits may be that women who have no autonomy in household decision-making anticipated to have a low level of autonomy in health-seeking behaviour, including seeking health care for ANC services. The situation may be worse if there are wide differences in socio-economic status between fathers, and the presence of cultural norms that do not support women within their households and communities may negatively affect health-seeking behaviours of pregnant women \[[@CR84]\]. Tackling negative sociocultural norms (such as fear of disclosing pregnancy, seeking permission from village elders and traditional birth attendants to visit health facilities and spousal fidelity) \[[@CR85]\] and economic and health service barriers to ANC is significant to increase the health-seeking behaviour of Tanzanian women during pregnancy.

Research conducted in Ethiopia \[[@CR34]\], Kenya \[[@CR86]\], Benin \[[@CR51]\] and India \[[@CR32]\] suggested that maternal media exposure (including listening to the radio) was associated with ANC service use. Our study showed that women who listened to the radio had a higher likelihood of attending at least four ANC visits in Tanzania. Listening to the radio may have resulted in frequent ANC use as radio broadcasts may have provided relevant health promotion messages, including the benefits of ANC, as well as information on the danger signs of potential complications associated with pregnancy \[[@CR34]\]. Given that the majority of Tanzanian women reside in rural areas and may not have access to visible media tools such as television or print media \[[@CR15]\], the dissemination of maternal health promotion messages through the radio may help to increase the uptake of ANC services in Tanzania.

The present study suggested that women who did not desire pregnancy were less likely to make four or more ANC visits compared to those who desired pregnancy. This finding is consistent with research conducted in Nigeria \[[@CR87]\], Ethiopia \[[@CR34]\] and Tanzania \[[@CR16]\], where the desire for pregnancy was related to increased ANC visits. The association between the desire for pregnancy and ANC service use indicates the importance of a woman having a planned pregnancy through the use of family planning methods \[[@CR34]\]. Women with unplanned pregnancy have low expectations for the pregnancy, and this can make the woman not to seek skilled ANC services \[[@CR88]\]. Additionally, women with unintended pregnancy go through a series of denial stages even after starting ANC visits with a view that the pregnancy will disappear, and they also tend to hide the pregnancy from friends and families \[[@CR89]\]. Future studies that specifically consider the impact of a woman's desire for pregnancy (in the context of family planning) on ANC service utilization may be warranted for continued advocacy to improve maternal health during pregnancy in Tanzania.

Limitations and strengths {#Sec14}
=========================

The study has the following limitations. First, the study was based on cross-sectional data which makes the assessment of temporal relationships between the study factors and ANC visits difficult. Nevertheless, the results of our study are consistent with previously published longitudinal studies conducted in LMICs \[[@CR75], [@CR90], [@CR91]\]. Second, the ANC data collected in the four TDHS were based on self-reported information which could be a source of recall bias. This may have resulted in misclassification bias in both outcome variables and can subsequently lead to either an over- or under-estimation of the effect size. Third, there was a lack of assessment of all relevant confounders (such as data on health care access, the health status of pregnant women and mother's psychosocial factors) as this may have provided further information about factors associated with ANC service use in Tanzania. Finally, our study was based on the Measure DHS dataset and the WHO recommendation of four or more ANC visits; however, the WHO has recently recommended that eight or more ANC visits by pregnant women would be more beneficial, particularly in reducing perinatal mortality \[[@CR11]\]. The availability of new data on the recent WHO recommendation would have provided additional information on ANC use in Tanzania. Nevertheless, the present study provides valuable insights into where and how national and subnational governments and agencies in Tanzania can begin to make inroads into scaling up maternal health services to meet the new WHO recommendation.

The study also has strengths. The large representative sample, with a high response rate, indicates that selection bias is unlikely to affect the observed results. The use of trained personnel with validated questionnaires in the TDHS is also likely to reduce measurement bias in the study. Finally, the study provides valuable insights into key factors associated with ANC visits in Tanzania and potentially an opportunity for policymakers and public health practitioners to design and implement focused maternal health interventions to improve ANC service use in Tanzania.

Conclusion {#Sec15}
==========

Our study shows that one to three ANC attendance increased during the MDG era in Tanzania. However, four or more ANC attendance decreased over the same period. Women who attained at least primary education, those who were in wealthier households and those who were informally employed had a higher likelihood to attend between one to three ANC visits. Four or more ANC service attendance was associated with higher maternal education and household wealth, maternal informal employment and listening to the radio. Among Tanzanian women, increasing ANC service attendance is achievable if national and potentially sub-national health and social policies and programmes focus on key modifiable maternal factors of education, household wealth and employment.
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